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COPAG	  Charge	  
n  IdenBfy	  a	  focused	  set	  of	  mission-‐enabling	  technologies	  

relevant	  to	  Cosmic	  Origins	  future	  missions	  
n  Provide	  a	  nucleus	  for	  the	  community	  to	  speak	  with	  a	  coherent	  

voice	  in	  technology	  prioriBzaBon	  	  
n  Provide	  input	  to	  Strategic	  Astrophysics	  Technology	  

(intermediate	  TRL)	  NRA	  and	  selecBon	  process	  by	  end	  of	  2011,	  
for	  2012+	  proposal	  opportuniBes	  

n  Provide	  input	  to	  APRA	  (low	  TRL)	  technology	  selecBon	  process	  
n  Provide	  input	  to	  NASA	  and	  NRC	  Technology	  Roadmapping	  
n  Make	  tough	  choices	  for	  highest-‐value	  efforts	  given	  limited	  

resources	  
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COPAG	  Tasks	  
n  Determine	  technology	  focus	  areas	  for	  a	  large	  UVOIR	  mission	  in	  

the	  next	  decade	  
n  Possible	  areas	  of	  investment	  

n  Detectors	  
n  OpBcal	  coaBngs	  
n  GraBngs	  
n  MulBplexing	  elements	  /	  IFUs	  
n  Wavefront	  sensing	  and	  control	  
n  Lightweight	  mirrors	  

n  This	  acBvity	  was	  divided	  into	  two	  tasks	  –	  one	  to	  idenBfy	  the	  needs	  for	  a	  
standalone	  UVOIR	  Cosmic	  Origins	  mission,	  and	  one	  to	  idenBfy	  the	  needs	  
for	  a	  joint	  UVOIR	  Cosmic	  Origins	  /	  Exoplanet	  mission	  

n  Determine	  technology	  focus	  areas	  for	  future	  Far-‐IR	  instruments	  
n  Not	  part	  of	  today’s	  discussion	  



Task	  1	  AcBvity	  	  
(Independent	  of	  ExoPAG)	  

n  Develop	  strawman	  reference	  mission	  concept	  as	  “target”	  
n  Assess	  the	  TRL/maturity	  level	  of	  various	  technologies	  
n  Determine	  Bme/$$/investment	  to	  reach	  necessary	  TRL	  level	  

to	  support	  mission	  concept	  development	  
n  PrioriBze	  and	  develop	  a	  por_olio	  based	  on	  one	  or	  more	  

Figures	  of	  Merit	  and	  supporBng	  raBonale	  
n  Ex.	  FOM:	  Expected	  increase	  in	  “EffecBve	  Telescope	  Aperture”	  by	  2018	  
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Task	  2	  AcBvity	  	  
(In	  ConjuncBon	  with	  ExoPAG)	  

n  Develop	  strawman	  joint	  reference	  mission	  concept	  as	  
“target”,	  coordinaBng	  with	  ExoPAG	  

n  Consider	  internal	  and	  external	  starlight	  suppression	  concepts	  
n  Determine	  requirements	  for	  compaBbility	  

n  E.g.,	  CoaBngs:	  R	  >	  Rmin,	  VariaBons	  <	  XX%	  

n  Assess	  the	  TRL/maturity	  level	  of	  relevant	  technologies	  
n  Determine	  Bme/$$/investment	  to	  reach	  necessary	  TRL	  level	  

to	  support	  mission	  concept	  development	  
n  PrioriBze	  and	  develop	  a	  por_olio	  based	  on	  one	  or	  more	  

Figures	  of	  Merit	  and	  supporBng	  raBonale	  
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Selected	  Astro2010	  White	  Papers	  
n  Several	  key	  Astro2010	  white	  paper	  references:	  

n  Technology	  Investments	  to	  Meet	  the	  Needs	  of	  Astronomy	  at	  
Ultraviolet	  Wavelengths	  in	  the	  21st	  Century	  (technology	  white	  paper	  
#54	  –	  Sembach	  et	  al.)	  

n  THEIA:	  Telescope	  for	  Habitable	  Exoplanets	  and	  Interstellar/
IntergalacBc	  Astronomy	  (RFI	  #132	  –	  Kasdin	  et	  al.)	  

n  Advanced	  Technology	  Large	  Aperture	  Space	  Telescope	  -‐	  ATLAST	  (RFI	  
#13	  –	  Postman	  et	  al.)	  
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Increasing	  Throughput	  
n  The	  throughput	  of	  opBcal	  systems	  at	  ultraviolet	  wavelengths	  

has	  considerable	  headroom	  for	  growth.	  
n  Even	  OpBcal/IR	  designs	  can	  be	  improved	  via	  mulBplexing.	  
n  Technology	  investments	  can	  be	  traded	  against	  aperture	  size.	  

n  Investments	  would	  benefit	  all	  mission	  sizes	  (SMEX	  MIDEX,	  Probe-‐Class,	  Flagship)	  
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Detectors	  (1/3)	  
n  Improving	  quantum	  efficiency	  is	  a	  key	  issue	  

n  ParBcularly,	  band-‐averaged	  values	  
n  Matching	  to	  opBcal	  λs	  is	  important	  for	  data	  quality	  

uniformity	  when	  exposing	  for	  similar	  Bmes	  	  	  

COS FUV MCP"

1216 Å" ~34%"

1300 Å" ~30%"

1400 Å" ~23%"

1500 Å" ~20%"

1600 Å" ~13%"

1750 Å" ~ 10%"

COS NUV MAMA"

2000 Å" ~10%"

2500 Å" ~9%"

3000 Å" ~4%"Blades et al. 2001"
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Detectors	  (2/3)	  
n  Other	  key	  detector	  issues	  

n  BeMer	  photocathode	  materials	  are	  needed	  
n  Example:	  AlGaN,	  GaN	  show	  great	  promise	  	  (QEs	  >	  70%	  at	  122	  nm)	  but	  have	  
high	  dark	  noise	  and	  are	  not	  yet	  suitable	  for	  large	  formats	  

n  Considerable	  work	  is	  needed	  to	  extend	  results	  to	  semi-‐transparent	  mode	  
or	  to	  use	  in	  opaque	  mode	  on	  microchannel	  plates	  

	  
n  Fla_ields	  

(Left) HST-COS flat field image of a 10 x 13 mm area of the far-ultraviolet MCP detector.  The 
fiber bundles imprint an obvious fixed-pattern noise features in the image.  (Right)  A new glass 
process MCP flat field for a similar image area, demonstrating the absence of fixed-pattern noise 
(Siegmund et al. 2007).	
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Detectors	  (3/3)	  
n  Other	  key	  detector	  issues	  

n  Format	  
n  Long	  MCP	  detectors	  (1st	  order	  apps)	  
n  Large-‐format	  CCDs	  (echelle	  apps)	  

n  Backgrounds	  (photon	  counBng)	  

n  RadiaBon	  hardness	  
n  Charge	  transfer	  efficiency	  primarily	  an	  issue	  for	  large	  CCDs	  in	  space	  
n  p-‐channel	  vs.	  n-‐channel	  can	  help	  
n  CMOS	  (or	  APS)	  devices	  hold	  great	  promise	  but	  have	  higher	  read	  noise	  and	  
lower	  QE	  than	  convenBonal	  CCDs;	  need	  development	  

n  OperaBon	  at	  “room”	  temperature	  
n  ContaminaBon	  of	  UV	  opBcs	  and	  detectors	  is	  a	  major	  concern	  at	  cryogenic	  
temperatures	  

HST-COS far-ultraviolet detector showing the two 
abutting microchannel plate detector segments 
(each 85 x 10 mm) curved to the focal plane of the 
spectrograph. 
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OpBcal	  CoaBngs	  
n  Technological	  “tall	  poles”	  

n  Smoothness,	  surface	  quality/uniformity,	  polarizaBon	  
n  High	  reflecBvity	  (>90%)	  coaBngs	  over	  large	  bandpasses	  (100	  nm	  –	  1µm)	  

n  CompaBbility	  with	  use	  at	  UV	  wavelengths	  is	  highly	  desirable	  
n  CoaBngs	  like	  Al+LiF	  may	  be	  difficult	  to	  handle	  on	  large	  opBcs	  	  	  

HST	

Al+MgF2	


HST OTA	

1150 Å	
 26%	

1200 Å	
 41%	

1500 Å	
 41%	

2000 Å	
 49%	

2500 Å 	
 60%	

3000 Å	
 61%	


Light	  loss	  from	  Three	  70%	  reflecBons	  =	  Ten	  90%	  reflecBons	  =	  Twenty-‐One	  95%	  reflecBons	  	  
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OpBcs	  
n  Design	  complexity	  can	  improve	  as	  opBcs	  and	  

coaBngs	  improve	  
n  Needs	  

n  Large	  lightweight	  opBcs	  with	  areal	  densiBes	  of	  <20	  
kg/m2	  	  (and	  supporBng	  poinBng	  accuracy/stability)	  

n  Large	  aberraBon-‐correcBng	  diffracBon	  graBngs	  
n  Fast	  opBcs	  for	  some	  applicaBons	  (off-‐axis	  

telescope	  designs	  –	  e.g.,	  FUSE)	  

HST-COS	


FUSE	
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OpBcal	  Designs	  	  
n  MulBplexing	  can	  improve	  efficiency	  by	  orders	  of	  

magnitude 	  	  
n  Slitless	  spectroscopy	  
n  MulB-‐object	  aperture	  arrays	  
n  Integral	  field	  units	  

	  (even	  all-‐reflecBng	  IFUs	  in	  UV)	  

n  JWST	  is	  taking	  advantage	  of	  spectroscopic	  mulBplexing	  

n  Grism	  spectroscopy	  with	  HST-‐WFC3	  is	  being	  applied	  to	  
fields	  ranging	  from	  ExoPlanets	  to	  Cosmology	  

WFC3 IR	


WFC3 UVIS	


STIS	
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Key	  Points	  
n  Improvements	  in	  throughput	  present	  new	  science	  opportuniBes	  

n  Bringing	  UV	  throughput	  on	  par	  with	  opBcal/NIR	  wavelengths	  will	  require	  
beMer	  detectors	  and	  opBcal	  coaBngs	  

n  Improvements	  in	  UV	  throughput	  can	  be	  cost	  effecBve	  
n  Factor	  of	  4	  should	  be	  achievable	  (equivalent	  to	  doubling	  primary)	  

n  Detectors	  need	  dedicated	  investment	  strategy	  
n  QE	  improvements,	  photon-‐counBng,	  large	  formats,	  environmental	  

tolerance	  

n  OpBcs	  and	  coaBngs	  need	  to	  be	  improved	  as	  well	  	  
n  ReflecBons	  (currently)	  cost	  dearly	  in	  the	  ultraviolet	  
n  Instrument	  design	  possibiliBes	  abound	  with	  higher	  reflecBvity	  


